Accelerated telomere shortening in lymphocytes has been associated with a variety of human pathologies, including HIV disease, Down syndrome, and cardiovascular disease. Recent findings indicate that reduced telomere length is also associated with chronic psychological stress and mood disorders. Telomerase, which prevents telomere shortening, can be upregulated in T lymphocytes in concert with activation, thereby retarding telomere shortening. Here, we demonstrate that exposure of human T lymphocytes to cortisol is associated with a significant reduction in telomerase activity both during primary stimulation of resting cells and secondary stimulation of previously activated cells. The effect is observed in both CD4 and CD8 T lymphocytes, and is associated with reduced transcription of hTERT, the telomerase catalytic component. These findings provide a potential mechanism for stress-associated telomere length attrition, and suggest that strategies to enhance T lymphocyte telomerase activity may provide beneficial effects on immune function in situations of chronic emotional stress.
Introduction
Telomerase is a cellular ribonucleoprotein enzyme that is intimately involved in proliferation and senescence of human cells. The reverse transcriptase activity of telomerase functions to stabilize telomere length by adding hexomeric repeats to telomeric ends of linear chromosomes, thereby counteracting the end replication problem. Most normal somatic cells lack telomerase activity and lose approximately 50-100 base pairs (bp) of telomere sequence per cell division (Harley et al., 1990) . However, human T lymphocytes are able to upregulate telomerase in concert with activation (Weng et al., 1997) , thereby retarding telomere loss. Telomere length maintenance in antigen-specific human T lymphocytes has been demonstrated both in vivo and in vitro during periods of high telomerase activity (Valenzuela and Effros, 2002; Akbar and Vukmanovic-Stejic, 2007) . Nonetheless, chronic and prolonged activation results in the loss of telomerase activity and telomere loss, ultimately leading to replicative senescence in human memory T lymphocytes (Akbar and Vukmanovic-Stejic, 2007; Effros et al., 2005) . Accelerated telomere shortening in peripheral blood lymphocytes has been documented in a variety of diseases, including Down syndrome, rheumatoid arthritis, and cardiovascular disease (Effros et al., 2005) . Moreover, specific lymphocyte subpopulations have also been shown to undergo accelerated telomere shortening in Alzheimer's disease and chronic HIV-1 infection (Effros et al., 2005) . Recently, reduced telomerase activity and telomere shortening in peripheral blood leukocytes were reported in mothers undergoing chronic emotional stress (Epel et al., 2004) , and in caregivers of patients with Alzheimer's disease (Damjanovic et al., 2007) . Mood disorders, which show abnormalities in stress-related biological systems, are also correlated with accelerated telomere shortening (Simon et al., 2006) . 
